Abstract. Seven-color CCD photometry in the Vilnius photometric system of 279 stars down to V -15 mag in the open cluster M 67 area is obtained. 13 standard stars in the cluster are measured photoelectrically. Photometric spectral types have been determined for all the stars. The reddening of the cluster is found to be EB-V = 0.045, the true distance modulus is 9.38 mag and the age is 4X10 9 years.
INTRODUCTION
The Vilnius photometric system, consisting of seven passbands with the mean wavelengths and halfwidths listed in Table 1 , makes it possible to determine spectral classes (or temperatures), absolute magnitudes (or surface gravities), metallicities, interstellar reddening and peculiarity types for stars of all spectral types (Straizys 1977 (Straizys , 1992 . This makes the system very useful for determining the physical parameters of stars which are too faint to be studied by spectroscopic methods. The system is especially effective when used with CCD detectors which combine a wide field, high sensitivity and photometric accuracy. The same properties characterize the Stròmvil system (Straizys, Crawford & Philip 1996) which is combined from passbands of the Stròmgren and the Vilnius systems. The Vilnius photometric system was succesfully set up with a CCD detector for the first time in 1986 and 1987 on the 90 cm telescope of the Kitt Peak National Observatory (Boyle et al. 1990a (Boyle et al. ,b, 1992 Smriglio et al. 1991) . CCD frames in three fields near thè globular clusters M 56 and M 71 were obtained with an RCA 316 x 508 chip with a field size of 5' x 7'. Stars in these areas were classified photometrically down to 17 mag.
CCD arrays with 2048 x 2048 pixels offer the possibility of increasing considerably the field size and the number of stars observed. The CCD camera operating on the 1-meter Ritchey telescope of the Flagstaff Station of the US Naval Observatory has an especially large field: its 2048 x 2048 Tektronix chip gives a 23' x 23' area. We decided to test the possibility of using this camera for photometry of stars in the Vilnius system. For this, fields with different kinds of objects were selected, including some open and globular clusters. Since the observing time was limited, we were able to obtain only relatively short exposures for testing the method. Here we present the results of photometry in the M 67 field. Preliminary results of the investigation were presented at the IAU Symposium No. 167 at The Hague (Straizys et al. 1995) .
M67 is one of the best-studied open clusters of solar chemical composition. It was investigated in a number of photometric systems, including the UBVRI system and its parts (Johnson & Sandage 1955 , Eggen & Sandage 1964 , Racine 1971 , Sturch 1973 , Schild 1983 , 1985 , Janes & Smith 1984 , Frolov 1984 , Taylor & Joner 1985 , Joner & Taylor 1990 , Gilliland et al. 1991 , Chevalier & Ilovaisky 1991 , Bhat et al. 1992 , Montgomery et al. 1993 , Anupama et al. 1994 , the uvbyp system (Strom et al. 1971 , Eggen 1983 , Anthony-Twarog 1987 , Nissen et al. 1987 , Joner & Taylor 1997 , the DDO system (Janes & Smith 1984) , the Thuan and Gunn system (Jorgensen 1994) , the Beijing system (Fan et al. 1996) and the JHK sytem (Houdashelt et al. 1992) . So, this cluster is a good object for testing possibilities of any photometric system. In the case of the Vilnius system, the cluster is good as one of the cornerstones for the system calibration in ages and metallicities.
Among other tasks of this investigation the following may be mentioned: foundation of an area of photoelectric standards of different colors for future CCD photometry and testing of the wide-field CCD camera of the Flagstaff Observatory for precise stellar photometry.
OBSERVATIONS AND REDUCTIONS TO THE STANDARD SYSTEM
The cluster area was observed on three nights, February 18/19, 1993 , December 3/4, 1994 and December 4/5, 1994 , in all filters each night. The exposure durations were: 20 min for U and P, 5 min for X and V and 3 min for Y, Z and S. The filters were combined from two sets: a glass filter set of 80 x 80 mm size (filters U, P, Y and V) and an interference filter set of 60 mm diameter (filters X, Z and S). The glass filters covered the whole CCD axea without vignetting (23' x 23' field). The interference filters gave an unvignetted field of 20' diameter. This field is shown in Fig. 1 on the cluster chart from Murray et al. (1965) .
The standard routines of the IRAF software package were used in the reductions. For fiatfielding, two skyflats in each filter were taken in evening and/or morning twilight on each night. Instrumental CCD magnitudes were obtained by using the aperture photometry routines in IRAF. Stars with oblong or double images were excluded from the analysis. A small nonlinearity of the CCD response was found and corrected for by using a linearization dataset provided by Luginbuhl (1998) .
For transformation of the instrumental CCD magnitudes and color indices to the standard Vilnius system, we have used 13 Table 2 gives the results of photometry for these stars. Some of them have been measured with the same telescope earlier by K. Cernis (see Straizys & Kazlauskas 1993 ). In these cases Table 2 gives the weighted average values of color indices.
Our intention was to use all the stars of the "dipper asterism" proposed for CCD calibration purposes by Schild (1983 Schild ( , 1985 . According to Schild, these stars are good for determining color equations between the instrumental and the standard color indices. We find, however, that the asterism contains only one blue star of spectral type B7 (a blue straggler) which is saturated in some of our 
Values of the color coefficients b are given in Table 3 . One can see that the color equations between the instrumental and the standard systems are small. It was shown by the method of synthetic photometry ) that color equations of the U-V and P-V color indices are slightly nonlinear for B-A main-sequence stars as well as for A-F supergiants. However, these types of stars are almost absent in the investigated area, so the linear color equations were applied.
RESULTS
Instrumental magnitudes from the three exposures were averaged and transformed to the standard system by Eqs.
(1). Then the color indices U-V, P-V, X-V, Y-V, Z-V and V-S
were formed for 279 stars down to V = 15 mag. Fig. 2 shows the standard deviations of magnitudes and colors of the stars from the average, as a function of magnitude V. Down to V = 14 mag, for all color indices the mean standard deviation of 188 stars is < 0.02 mag. For fainter stars, the errors tend to increase. However, even at V = 15 mag, the mean standard deviation for the majority of stars is < 0.03 mag. Table 4 gives the average values of magnitudes and color indices for stars brighter than V = 15 mag. All stars are listed by increasing right ascension for the epoch J2000.0. The identification numbers from Sanders (1977) , Montgomery et al. (1993) and Fagerholm (1906) are given.
In Fig. 3 we compare our Y-V color indices with the b-y color indices from Strom et al. (1971) , Anthony-Twarog (1987) and Nissen et al. (1987) . Both indices are similar since the passbands of Y and b as well as of V and y are very close. In fact, in the combined Stromvil system these passbands are joined together (Straizys, Crawford & Philip 1996) . Fig. 3 confirms a very small color equation of the relation between Y-V and b-y given by these authors. The mean standard deviation in Fig. 3 is about 0.02 mag, i.e. it is of the same order as the accuracy of our photometry. Systematic differences between different series of uvby photometry are also seen. 
,+f. The results of the classification are given in the last column of Table 4 . Instead of the absolute magnitude we give only the luminosity class, since the absolute magnitudes are obtained with the old calibration of the Vilnius system (Straizys et al. 1982) . At present, a new calibration, based on the Hipparcos parallaxes, is under way.
Photometric spectral classes of 65 stars in Fig. 4 are intercompared with the spectroscopic spectral classes obtained by Burbidge & Burbidge (1959) and Allen &: Strom (1995) . For red giants and subgiants a good correspondence between the spectroscopic and photometric methods of classification is obtained: the differences do not exceed 4 spectral subclasses. However, for main-sequence stars a large scatter and a systematic shift is evident: in most cases Allen and Strom give earlier subclasses. This effect can be explained partly by possible systematic errors in the spectral classification since the above authors have used a non-traditional spectral range and criteria, different from those accepted for the MK classification system. For determination of the approximate absolute magnitudes of the stars in the Hipparcos scale we have used the equations relating My with the reddening-free parameters of the Vilnius system, QUPY-, QXZS and QXYZ, derived by Malyuto, Straizys and Kazlauskas (1997) . These equations are valid only for the stars of luminosity classes V and IV and spectral classes G and K. We have used 128 stars of M67 to obtain an average distance modulus of the cluster which was found to be V-My = 9.38 mag. The average color excess EY-v -0.035 mag was obtained. This corresponds to EB-V = 0.045 mag and Ay = 0.14 mag. This extinction originates in the galactic dust layer near its plane. Burbidge & Burbidge (1959) , shown as circles, and Allen & Strom (1995) , shown as squares for luminosity classes III and IV and as dots for luminosity class V. system which for the same stars is shown in Fig. 6 , taking the V and B-V values from Montgomery et al. (1993) .
COLOR-MAGNITUDE AND TWO-COLOR DIAGRAMS
Figs. 7-11 show five two-color diagrams of the Vilnius system on which color indices U-V, P-V, X-V, Z-V and V-S are plotted against the temperature-sensitive color index Y-V. The continuous and broken lines mark the intrinsic sequences of main-sequence stars and giants, respectively. Arrows are the interstellar reddening directions. The positions of sequences for M67 are in agreement with the expected sequences of dwarfs and giants reddened by EY-v = 0.035 or E B -V = 0.045.
ISOCHRONES AND AGE

Fig. 12 exhibits the MV,(Y-V)Q
diagram of the cluster overlapped by isochrones from Bressan & Tautvaisiene (1996) for Z = 0.02 and 3, 4 and 5 billion years. The absolute magnitudes plotted here for M 67 stars are based on the distance modulus V-MY = 9.38 corresponding to a distance of 750 pc. The 4.0 Gyr isochrone fits best the observations for the main-sequence stars, subgiants and giants. So, we obtain the same age as most other recent investigations in other photometric systems (see Montgomery et al. 1993 ).
CONCLUSION
CCD photometry of the cluster M 67 in the Vilnius system shows that, even with short exposures of the order of 15 min for ultraviolet filters and 3-5 min for other filters, useful photometric results can be obtained. Several hours of CCD observations replace tens of nights of usual photoelectric photometry. The results obtained for M 67 combined with the future CCD photometry of other open and globular clusters will form a database for the calibration of twocolor and reddening-free diagrams of the Vilnius system in terms of metallicities and ages. A set of standard stars with magnitudes and colors measured photoelectrically in the Vilnius system is created in the cluster. This set can be used in future for tie in of CCD observations in other areas. It is concluded that the Flagstaff CCD camera used in this investigation is not sufficiently good for precise 1 % stellar photometry due to non-linear response. 
